Abstract Objective: The objective of the present study was to assess whether patients unable to perform a preoperative maximal stair climbing test had an increased incidence of morbidity and mortality after major lung resection compared to patients who were able to exercise. Methods: Three hundred and ninety one patients submitted to pulmonary lobectomy or pneumonectomy for lung cancer were analyzed. Forty-five of these patients were unable to perform a preoperative maximal stair climbing test for underlying comorbidities. Unadjusted and propensity score case matched comparisons were performed between patients who could and who could not perform a preoperative stair climbing test. Multivariable analyses were then performed to identify predictors of morbidity and mortality, and were validated by bootstrap bagging. Results: Patients who could not perform the stair climbing test had similar morbidity rates (31.1 vs. 35.6%, respectively, PZ0.7), but higher mortality rates (15.6 vs. 4.4%, respectively, PZ0.08) and deaths among complicated patients (50 vs. 12.5%, respectively, PZ0.025), compared to propensity score matched patients who could perform the stair climbing test. Logistic regression analyses showed that the inability to perform the stair climbing test was an independent and reliable predictor of mortality (PZ0.005) but not of morbidity (PZ0.2). Conclusions: Patients unable to perform a preoperative maximal exercise test had an increased risk of mortality after major lung resection. Half of these patients did not survive postoperative complications, due to their decreased aerobic reserve caused by physical inactivity which made them unable to cope with the increased oxygen demand. q
Introduction
Cardiopulmonary exercise tests are increasingly used in the preoperative evaluation of the lung resection candidates. In our unit, symptom-limited stair climbing test has become part of the preoperative routine risk stratification process [1] . However, some patients are unable to perform a proper maximal exercise test for a number of clinical conditions. The lack of reliable data from the preoperative exercise testing make their risk assessment less accurate. Moreover, the independent role of the inability to perform the exercise in increasing the risk of postoperative complications is poorly defined.
Therefore, the objective of the present analysis was to quantify the risk of morbidity and mortality after major lung resection in patients unable to perform a maximal stair climbing test and compare this risk with that of patients who performed the preoperative exercise test, after adjusting this comparison by using a propensity score matching.
Patients and methods
Three hundred and ninety one patients underwent pulmonary lobectomy (323) or pneumonectomy (68) for non-small cell lung cancer (NSCLC) from January 2000 through March 2004 and were prospectively enrolled in this analysis after giving informed consent.
Resectability was assessed by means of computed tomographic scan, bronchoscopy and, when indicated, cervical mediastinoscopy.
Operability was evaluated by means of maximal stair climbing test, pulmonary function tests, blood gas analysis, electrocardiogram, echocardiography and more invasive cardiologic procedures if needed.
Criteria for inoperability were a predicted postoperative forced expiratory volume (ppoFEV1) less than 30% of predicted in association with a total height climbed at the preoperative stair climbing test lower than 12 m, and/or cardiac instability. Using these criteria only 2 patients were excluded from operation during the period of the study.
Symptom-limited stair climbing test was administered preoperatively (usually the day before the operation, when the patients are admitted to our unit) to all patients, who were able to perform it, according to the criteria described elsewhere [1] . Briefly, the patients were asked to climb the maximum number of stairs and stop only for exhaustion, limiting dyspnea, chest pain or leg discomfort. Contraindications to perform the stair climbing test were the following: unstable cardiac failure, a recent (less than 30 days) myocardial infarction, unstable coronary artery disease, severe arrhythmia, a recent pulmonary embolism, symptomatic aortic stenosis, severe symptomatic peripheral vascular disease, presence of aortic aneurysm, recent cerebrovascular disease, symptomatic muscoloskeletal, neurological and psychiatric disease. We did not consider chronic obstructive respiratory disease as a contraindication to exercise testing [2] .
In this series, 346 patients were able to perform a preoperative stair climbing test (SC), whereas 45 patients were unable to do it (NoSC). Reasons for not taking the test were the following: severe symptomatic musculoskeletal disease (1 muscular dystrophy, 15 osteoarthrosis, 2 recent hip fractures, 2 recent femoral fractures); symptomatic neurological disease (3 hemiplegia, 3 recent strokes, 2 poliomyelitis, 1 intracranial aneurysm, 1 spastic tetra paresis, 1 ataxia); severe peripheral vascular disease (5 cases); cardiac ischemic disease (2 cases); blindness (2 cases); psychiatric disease (1 case); morbid obesity (1 case); cachexia (3 cases). Therefore, 9 of these 45 patients had clinical contraindications to perform the test (recent stroke, intracranial aneurysm, cardiac ischemic disease, blindness and psychiatric disease), whereas the other 36 patients were impeded to perform a proper exercise test by severe comorbidities.
An additional 13 patients did not perform the stair climbing test for reasons other than medical ones (refusal to exercise, logistic problems, etc.) and they were excluded from the present study.
Patients who did not perform the stair climbing test were deemed operable by traditional criteria of operability (ppoFEV1O30% and hemodynamically stable state).
Statistical analysis

Unadjusted comparison
The comparison of patients who did and did not perform preoperative stair climbing test in terms of preoperative and postoperative characteristics (Appendix 1) was made by means of the Chi-square test for categorical variables, and by means of the unpaired Student's t-test or the MannWhitney U-test for continuous ones. All statistical tests were 2-tailed, and a significance level of P!0.05 was selected.
Propensity score case matched comparison
Selection bias was addressed by constructing propensity scores [3, 4] . The aim of the analysis was to match patients who could and those who could not perform the preoperative stair climbing test according to baseline characteristics and compare surgical outcomes between the matched groups. Before matching patients, a parsimonious explanatory model was developed by bootstrap bagging for variables selection [5] . The probability of performing preoperative stair climbing test (propensity score) was estimated by logistic regression analysis incorporating the variables identified in the parsimonious model (whose stability was assessed by bootstrap analysis) plus additional baseline variables. Therefore, the variables used in the model were the following: age, gender, type of operation (lobectomy vs. pneumonectomy), forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC), FEV1/FVC ratio, carbon monoxide diffusion lung capacity (DLCO), arterial carbon dioxide and oxygen tensions, preoperative hemoglobin level, presence of a concomitant cardiac disease, Charlson Comorbidity Index (CCI) [6] , POSSUM Physiological Score [7, 8] , smoking history (pack-years), neoadjuvant chemotherapy, percentage of functioning lung parenchyma removed during operation (Func loss%) (see Appendix 1 for explanation of variables). The method of generating a parsimonious model and then augmenting it with other factors to develop the propensity model was described elsewhere [4] . As stated by its developers [9] , the propensity model is not parsimonious. In fact, the goal is to balance patient characteristics by incorporating 'everything' recorded that may relate to either systematic bias or simply bad luck that has otherwise unbalanced the comparison groups of interest, ignoring usual concerns about model overdetermination [4, 10] . The c-index, or area under the receiver operator curve (ROC), for this model was 0.75. All variables were at least 95% complete and sporadic missing values were imputed by taking the most frequent response category or averaging non-missing values for continuous variables. Greedy matching techniques were then used to select stair-climbing counterparts to the nonstair-climbing patients by choosing the patient with the nearest propensity score [4] .
The procedure yielded 45 well-matched pairs. The two groups of propensity score matched patients were compared by using Chi-square test for categorical variables and the unpaired Student's t-test or the Mann-Whitney U test for continuous ones.
Risk factors analysis of outcome
Multi-variable analyses were used to identify predictors of postoperative morbidity and mortality on the entire database of 391 patients. Due to the small number of events, only the propensity score and the ability to perform stair climbing test were used as independent variables in the mortality model [10] .
In order to identify predictors of morbidity, univariate analysis was initially performed to screen significant variables to be used as independent variables in a stepwise logistic regression analysis, in which the propensity score and the ability to perform stair climbing test were forced in the model irrespective of their P-value. Variables initially screened in univariate analysis for a possible association with postoperative morbidity are those listed in Appendix 1. To avoid multi-colinearity only one variable in a set of variables with a correlation coefficient greater than 0.5 was included in the model.
Bootstrap resampling procedures with 1000 samples were used to confirm reliability of the variables included in the final models. In the bootstrap procedure, repeated samples of 391 observations (the same number of observations as the original database) were selected with replacement from the original set observations. For each sample, stepwise logistic regression was performed entering the preoperative and intraoperative variables with P!0.05 at univariate analysis. The stability of the final model can be assessed by identifying the variables that enter most frequently in the repeated bootstrap models and comparing those variables with the variables in the final regression model. If the final model variables occur in a majority (O50%) of the bootstrap models, the original final regression model can be judged to be stable.
The analyses were performed by using the Statview 5.0 (SAS Institute, Cary, NC) and the Stata 8.2 (Stata Corp., College Station, TX) statistical softwares.
Results
The group of patients that could not perform preoperative stair climbing test (11.5% of the present series) had a lower FVC (PZ0.009), and a higher PaCO2 (PZ0.04), CCI (PZ0.003) and POSSUM PS (PZ0.001), compared to the SC patients (Tables 1 and 2 ). The unadjusted comparison between the 2 groups showed that the NoSC patients had a longer postoperative hospital stay (PZ0.002), a higher incidence of cardiopulmonary morbidity (PZ0.09), a higher mortality rate (P!0.0001) and a higher proportion of deaths among the complicated patients (PZ0.03), compared to the SC patients (Table 5) .
To minimize the selection bias, we constructed a propensity score case matched analysis yielding 45 wellmatched pairs. The two groups were similar in terms of baseline characteristics with the exception of a lower CCI in the NoSC patients (Tables 3 and 4 ). The propensity scoreadjusted analysis of early surgical outcome showed that the NoSC patients had a higher mortality rate (PZ0.08) and a 4-fold higher incidence of the deaths among complicated patients (PZ0.025), with respect to the SC patients ( Table 5) .
Causes of death among the NoSC patients were the following: 2 strokes, 2 cardiac failures, 3 respiratory failures. Causes of death among the SC patients were the following: 5 respiratory failures, 1 bronchopleural fistula that underwent reoperation and subsequently complicated with ARDS and respiratory failure, 1 cardiac failure and 1 cardiac arrest. The 2 propensity score matched SC patients who died had a cardiac arrest and a respiratory failure, respectively.
Stepwise logistic regression analysis (Table 6) showed that significant predictors of cardiopulmonary complications were a low DLCO (PZ0.01), a high POSSUM PS (PZ0.04) and the presence of a concomitant cardiac disease (PZ0.001). The inability to perform stair climbing test was not associated with an increased risk of postoperative morbidity after its effect was corrected for the other 7 variables in the model. These results were validated by bootstrap bagging. Table 7 shows that the inability to perform stair climbing test was an independent predictor of mortality after controlling the effect of the propensity score in a logistic regression model. This finding was validated by bootstrap bagging.
Discussion
In the present study we wanted to quantify the risk of morbidity and mortality after major lung resection in patients unable to perform a preoperative maximal exercise test such as the stair climbing test and to compare it with that of those patients able to exercise.
Even though the patients that were not able to exercise had severe comorbidities that could predispose by themselves to postoperative morbidity and mortality, we hypothesized that the reduced physical activity or total inactivity caused by these comorbidities may have played a role in reducing the aerobic reserve, increasing the risk of postoperative mortality. In order to test this hypothesis we tried to reduce the selection bias by a propensity score case matched analysis [3, 4] , which is considered the most rigorous method available for the so-called 'apples-to-apples' investigation of causal effects on outcome in a non-randomized setting [11] . Since associations found through traditional multi-variable regression may be misleading because of under-representation of 1 covariate of interest within levels of another, propensity scores is recommended to adjust for confounding background characteristics [11] .
The comparison between propensity score matched groups revealed similar morbidity rates between the NoSC and the SC patients. However, the mortality rate and the proportion of deaths among the complicated patients was higher in the NoSC group.
When the effect of the propensity score and of other variables was controlled in logistic regression analyses, the incapacity to perform the stair climbing test was a significant predictor of mortality but not of morbidity. We were therefore unable to find an effect of the inability to exercise in itself on the occurrence of complications, which were presumably more associated to the presence of comorbidities. On the other hand, the risk of mortality was associated not only with the presence of comorbidities but also with the reduction of the aerobic reserve caused by the reduced physical activity.
Furthermore, a significantly higher proportion of failureto-rescue cases were found in the NoSC patients compared to the propensity score matched SC counterparts. Fifty percent of the NoSC complicated patients died as a result of their complications, a 4-fold higher proportion compared to the propensity score matched SC patients.
This latter finding indirectly demonstrates that the inability to perform the preoperative exercise test is an important marker of a reduced aerobic reserve, which in turn may be either the cause of the incapacity to perform a physical effort and also the consequence of a deconditioning effect resulting from a limited physical activity.
Under these circumstances, the onset of a complication may increase the oxygen demand beyond that which the patients can provide, inducing an oxygen debt. If this debt remains critically high over specified periods of time, then a multi-organ failure may ensue [12, 13] .
Our results are similar to those reported by Epstein et al. [14] in a smaller series of patients unable to perform a maximal exercise test on cycle ergometer. However, they Hosmer-Lemeshow goodness-of-fit, 9.4 (PZ0.3); c-index, 0.72. Propensity score is expressed as percent probability of performing stair climbing test. % Bagging, frequency of significancy (P!0.05) of independent variables in 1000 bootstrap resampling models. did not use any balancing score to match the patients that could and could not exercise, and this may explain why they found a higher morbidity rate in the no exercise group, such as in our unadjusted comparison. Similar to us, they found a higher proportion of deaths among the complicated no-exercising patients compared to the exercising ones (27.3 vs. 4.8%, respectively). In another study, Girish et al. [15] found that 8 out of 9 patients unable to climb any flights of stairs experienced cardiopulmonary complications after thoracic and upper abdominal surgery. This is not a randomized trial, and even though the propensity score analysis constitutes the most rigorous method for investigating the causal effects in this setting, it cannot account for unknown variables affecting outcome that are not correlated strongly with measured variables. Therefore the results generated by this analysis cannot be interpreted as definitive. Unfortunately a randomized clinical trail on the issue addressed in this paper appears impossible to realize.
In conclusion, we were able to show that the patients that were not able to perform a preoperative maximal exercise test had an increased risk of mortality after major lung resection. In this particular group of patients every effort should be done to prevent the occurrence of a complication that may be fatal in 50% of cases.
We think that the findings of the present study warrant the institution of a specific preoperative physical training (with exercise programs appropriate to the physical limitation that precluded the exercise test) in patients unable to perform an exercise test, in order to increase their aerobic reserve. However, the efficacy of this training program in these selected high risk patients should be verified by other prospective studies.
Furthermore, we currently use the results of this analysis for counseling the patients before the operation and for planning a postoperative intensive care management. operation time, percentage of functional parenchyma removed during operation (Func loss%), POSSUM Physiological Score [7] , smoking history (pack-years), side of resection (right or left), Charlson comorbidity index (CCI). POSSUM Physiological score is a 12-factors four-graded score which was previously validated in thoracic surgery [8] . Likewise CCI is a comorbidity index which was shown to predict postoperative complications after lung resection [6] . We computed the number of pack-years of smoking as the total number of years smoked, times the average number of cigarettes smoked per day, divided by 20.
A.2. Outcome variables
Postoperative cardiopulmonary complications and mortality were considered as those occurring within 30 days from operation or during a longer period if the patient was still in the hospital. Most of the authors [1, [17] [18] [19] [20] agree that the inclusion of technical complications (i.e. empyema, wound infection, bronchopleural fistula, hemothorax, chylothorax, left recurrent nerve injury, etc.) as outcome variables in the analysis of the efficacy of the exercise tests to predict postoperative morbidity would invalidate the results. In fact, it appears unlikely that a reduced aerobic reserve may be the basis of a technical complication. For this reason and for the sake of comparison with other authors [1, 14, [17] [18] [19] [20] , only the following cardiopulmonary complications were included: respiratory failure requiring mechanical ventilation for more than 48 h; pneumonia; atelectasis requiring bronchoscopy; pulmonary edema; pulmonary embolism; myocardial infarction; hemodynamically unstable arrhythmia requiring medical treatment; cardiac failure.
The proportion of deaths among the complicated patients was termed 'failure to rescue' [21] .
